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16S rRNA gene sequenceAbstract Densities of microbial count in the rhizosphere of eleven medicinal plants viz., Ocimum
basilicum, Marrubium vulgare, Melissa ofﬁcinals, Origanum syriacum, Quisqualis indica, Solidago
virgaurea, Melilotus ofﬁcinalis, Cymbopogon citratus, Matricaria chamomilla, Thymus vulgaris and
Majorana hortensis were determined. The lowest populations were found in the rhizosphere of
M. chamomilla and M. hortensis. A total of 112 bacterial cultures were successfully isolated in pure
form from the rhizosphere of the tested medicinal plants. Cultural and morphological characteris-
tics of these isolates showed that they belong to bacilli, azotobacter, ﬂuorescent pseudomonads and
actinomycetes. These isolates were screened, in vitro, according to their capacities to produce plant
growth promoting substance i.e. IAA, phosphate, potassium solubilization, chitinase activities and
hydrogen cyanide. Results indicated that 36 bacterial isolates showed IAA production, 25 HCN
production, 57 chitinase activities, 39 phosphate and 105 potassium solubilizers. Eleven bacterial
isolates were selected which showed highest plant growth promoting activities and further subjected
to estimate siderophores and phenols produced in liquid culture along with antifungal activity
against two phytopathogenic fungi. The most potent isolates were identiﬁed on the basis of 16S
rRNA gene sequence as Bacillus thuringiensis C110, Pseudomonas ﬂuorescens Th98 and Pseudomo-
nas poae Th75. Their amounts of soluble phosphate in liquid culture were 2.2, 4.62 and 14.53 ppm in
respective order. The indol-3-acetic acid (IAA), gibberellic acid (GA3) and trans-zeatin riboside
(t-zr) produced by the identiﬁed strains were determined by HPLC analysis. These strains proved
to be effective PGPR inoculants, as they possess a number of traits useful for plant growth.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Faculty of Agriculture, Ain Shams
University. Open access under CC BY-NC-ND license.Introduction
Many reports presented the soil attached to the root system as a
hot spot of microbial abundance and activity due to the pres-
ence of root exudates and rhizodeposits (Smalla et al., 2006).
274 E.A. Ahmed et al.The rhizosphere is a very complex environment in which the
effects of plant on soil microorganisms and the effects of micro-
organisms on plant are interacting and are interdependent
(Mukerji et al., 2006). The diversity and composition of bacte-
rial taxa in the rhizosphere can be affected by several factors
including plant species (Miller et al., 1989), soil type (Hoitink
and Boehm, 1999), soil management practices (Rovira et al.,
1990), microbial interactions (Hedges and Messens, 1990) and
other environmental variables. Plant growth promoting-
rhizobacteria (PGPR) are a group of bacteria that actively
colonize plant root and increase plant growth (Deshwal et al.,
2010, 2011). Tilak et al. (2005) demonstrated that a number
of bacterial species belonging to genera Azospirillum, Alcalige-
nes, Arthrobacter, Acinetobacter, Bacillus, Burkholderia, Enter-
obacter, Erwinia, Flavobacterium, Pseudomonas,Rhizobium and
Serratia are associated with the plant rhizosphere and are able
to exert a beneﬁcial effect on plant growth. The main mecha-
nisms by which PGPR directly contribute to the plant growth
are phytohormone production such as auxins, cytokinins and
gibberellins, enhancing plant nutrition by solubilization of min-
erals such as phosphorus and iron, production of siderophores
and enzymes, lowering of ethylene levels and induction of
systemic resistance (Bhattacharyya and Jha, 2012). PGPR
indirectly beneﬁt the plant growth by the biocontrol of delete-
rious microorganisms or root pathogens that inhibit plant
growth, including antibiotic and hydrogen cyanide production,
parasitism, competition for nutrients and niches within the
rhizosphere, synthesis of extracellular enzymes to hydrolyze
the fungal cell wall and decreasing pollutant toxicity
(Bhattacharyya and Jha, 2012; Podile and Kishore, 2006;
Zahir et al., 2003). Medicinal plants are known to be rich in sec-
ondary metabolites and are potentially useful to produce natu-
ral drugs. Medicinal plants support a great diversity of
microﬂora in their rhizosphere including PGPR.
The main objectives of this study were to isolate and
characterize the rhizobacteria associated in the rhizosphere
of some medicinal plants, to ﬁnd out high efﬁcient bacterial
isolates have the capacities to be used as plant growth promot-
ing and bio-control agents.
Materials and methods
Soil sampling
Soil samples were collected from the rhizosphere of eleven
medicinal plants i.e., Basil, Marrubium, Melissa, Origano,
Quisqualis, Goldenrod, Melilotus, Lemon grass, German
chamomile, Thyme and Margoram grown in loam sandy soil
to isolate the rhizospheric bacteria.
Enumeration and isolation the rhizospheric bacteria
Rhizosphere microﬂora of the eleven medicinal plants were
counted and isolated on their selective media; spore forming
bacteria and total microbial ﬂora on nutrient agar medium,
Pseudomonads on King’s B medium (King et al., 1954), acti-
nomycetes on glycerol nitrate agar medium (Waksman,
1961), azotobacters on modiﬁed Ashby’s medium (Abd
El-Malek and Ishac, 1968) and fungi were counted on Potato
Dextrose agar medium (ATCC, 1982). Bacterial cultures were
maintained on the selective medium. Bacterial colonies wereselected according to the cultural and morphological charac-
teristics including pigments; colony form, elevation and mar-
gin; texture and opacity (Simbert and Krieg, 1981).
Characterization of rhizobacteria for PGP traits
The collected rhizobacterial isolates were tested for their
capacities to produce plant growth promoting substances using
standard procedures.
Indole acetic acid (IAA) production
Production of IAA by the collected bacterial isolates was
detected according to the method described by Bric et al.
(1991). Quantitative measurement of IAA, produced by the
selected isolates was determined in liquid culture. The isolates
were cultured individually using their liquid selective media
(nutrient broth, King’s B, Modiﬁed Ashby’s or Glycerol
nitrate broth medium according to the tested microbial group).
Each medium was amended with 1 mM tryptophan. After
incubation at 28–30 C for 5–6 days, IAA produced was deter-
mined in culture supernatant according to Larsen (1962).
Hydrogen cyanide production
The collected isolates were cultured in liquid media supple-
mented with 4.4 g/l glycine to detect HCN production accord-
ing to Bakker and Schippers (1987).
Phosphate solubilization activity
Pikovskaya’s agar (Subba-Rao, 1982) plates were inoculated
with bacterial cultures and incubated at 30 C for 4 days.
The bacterial colonies forming clear halos were considered as
phosphate solubilizers. The screening was conducted based
on phosphate solubilization index [The Ratio of the total
diameter (colony + halo zone) and the colony diameter]
according to Edi-premono et al. (1996). Quantiﬁcation of sol-
uble phosphate was carried out by using one hundred ml of
pikovskaya’s broth medium was inoculated individually by
standard inoculum of the most potent isolates. After 15 days
of incubation period at 28–30 C under shaking condition
(200 rpm), the soluble phosphate was determined in culture ﬁl-
trate according to Jackson (1958).
Potassium solubilization activity
Fifty milliliters of modiﬁed Aleksandrov‘s medium (Zahra,
1969) was inoculated with collected isolates, then incubated
at 28–30 C under shaking condition (200 rpm) for 15 days.
The soluble potassium was determined in culture ﬁltrate as
described by Jackson (1958).
Chitinase activity
Chitinase activity of the collected isolates was determined
according to Nisa et al. (2010). The isolates were inoculated
on colloidal chitin agar medium (Hus and Lockwood, 1975)
and incubated for 5–6 days at 28–30 C. The screening was
carried out based on chitinolytic index (ratio of a clear zone
and colony diameter).
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Only the selected bacterial isolates were assessed in liquid cul-
ture for siderophore and phenols production. The quantitative
assessment of siderophore and phenols was determined by
modiﬁed CAS (Chrome Azurol S) assay solution method
(Alexander and Zuberer, 1991) and the method described by
Daniel and George (1972), respectively.
Antifungal activity
The selected isolates were screened for their capacities to inhi-
bit Fusarium oxysporum 15E and Rhizoctonia solani 21E
(obtained from Plant Protection Department, Desert Research
Center) by employing dual culture method (Rabindran and
vidyasekaran, 1996) on potato dextrose plates. Antifungal
activity was estimated from the inhibition of mycelia growth
of fungus in the direction of actively growing bacteria. The
data were expressed by the diameter (mm) of inhibition zone
between the fungal growth and the tested bacteria.
Sequence analysis for PGPR bacteria
The most efﬁcient isolates were identiﬁed using 16S rRNA
gene sequence analysis. Isolation of cellular DNA was per-
formed as described by Ausubell et al. (1987) and ampliﬁcation
of the 16S rRNA gene was carried out by PCR using universal
primers, the forward and reverse primer (Lane, 1991). Ampli-
ﬁcation was conﬁrmed by analysis of each PCR reaction mix-
ture on agarose gel (1%). Sequencing of the PCR product was
made on GATC German Company using ABI 3730 x1 DNA
sequencer. Sequencing data were analyzed by two different
computer alignment programs, DNA star (DNA STAR, Inc.
USA) and sequence Navigator (Perkin, Corp., USA). Phyloge-
netic analysis was constructed by the neighbor – joining
method based on 1000 bootstraps.
Analysis of phytohormones by HPLC
Quantitative analyses of indoles, gibberellins and cytokinins in
liquid culture were determined as indol-3-acetic acid (IAA),Table 1 Densities of total bacterial counts, spore forming bacteria,
(cfu/g dry soil) in the rhizosphere of different medicinal plants grow
Common name
of medicinal plant
Scientiﬁc name Total bacterial
counts (·1010)
Spore form
bacteria (·
Basil Ocimum basilicum 230.00 332.0
Marrubium Marrubium vulgare 0.06 24.0
Melissa Melissa oﬃcinals 0.24 9.60
Origano Origanum syriacum 0.04 16.00
Quisqualis Quisqualis indica 0.87 275.00
Goldenrod Solidago virgaurea 0.38 77.00
Melilotus Melilotus oﬃcinalis 0.80 1.38
Lemon grass Cymbopogon citratus 1.00 17.80
Chamomile Matricaria chamomilla 0.003 0.10
Thyme Thymus vulgaris 0.280 112.0
Margoram Majorana hortensis 0.006 0.30gibberellic acid (GA3) and trans-zeatin riboside (t-zr) accord-
ing to Tien et al. (1979). The growth hormones were identiﬁed
on the basis of retention time of phytohormones standards.
Results and discussion
Rhizospheric colonization
In the present study, total microbial ﬂora, actinomycetes,
spore forming bacteria, fungi, ﬂuorescent pseudomonads and
azotobacters enumerated in the rhizosphere soil samples of
eleven medicinal plants (viz., Ocimum basilicum, Marrubium
vulgare, Melissa ofﬁcinals, Origanum syriacum, Quisqualis
indica, Solidago virgaurea, Melilotus ofﬁcinalis, Cymbopogon
citratus, Matricaria chamomilla, Thymus vulgaris and Major-
ana hortensis) are given in Table 1. The total microbial ﬂora,
spore forming bacteria and fungi were found to be maximum
230 · 1010, 332 · 107 and 200 · 106 cfu/g in rhizosphere of O.
basilicum and the minimum data of these microbial groups
being 0.003 · 1010, 0.1 · 107 and 0.1 · 106 withM. chamomilla,
respectively. The ﬂuorescent pseudomonads were completely
absent from the roots of M. hortensis and C. citratus. Higher
densities of actinomycetes and azotobacters were reported
for M. ofﬁcinalis and T. vulgaris respectively, than other
medicinal plants. Tamilarasi et al. (2008) reported that the
varying degree of population observed in the roots of the
plants is due to the effect of the chemical composition of root
exudate of the individual plants on the microorganisms.
Isolation of different bacterial groups from the rhizosphere
soil samples of eleven medicinal plants was made on speciﬁc
media. The distribution percentages of collected bacterial iso-
lates associated with the roots of the tested medicinal plants
are given in Fig. 1. The highest percentage of collected bacte-
rial isolates being 34.82% followed by 18.8% and 10.71% was
detected from T. vulgaris,M. chamomilla andM. ofﬁcinals rhi-
zosphere samples, respectively. While the lowest percentage of
collected isolates was 2.67% forM. ofﬁcinalis and O. syriacum.
The rhizosphere samples supported a total of 112 bacterial iso-
lates, with diversiﬁed characteristics suggesting the importance
and richness of the niche as a source of plant microbe interac-
tions, these isolates were picked up on the basis of their cul-
tural and morphological characteristics. They were belongingazotobacter, ﬂuorescent pseudomonads, actinomycetes and fungi
n in loam sandy soil.
ing
107)
Azotobacters
(·108)
Fluorescent
pseudomonads
(·106)
Actinomycetes
(·105)
Fungi (·106)
51.47 0.75 53.0 200.0
12.00 20.00 11.0 40.0
50.57 10.00 8.0 8.0
20.0 20.00 1.0 20.0
43.47 0.170 68.0 25.0
20.00 0.060 19.0 50.0
11.53 0.080 410.0 0.10
31.96 0.000 41.0 27.0
2.00 0.002 0.5 0.1
80.00 0.0004 35.0 6.0
1.00 0.000 3.0 0.1
Fig. 1 The distribution percentages of collected bacterial isolates among the examined medicinal plants.
Table 2 Numbers of positive isolates for each PGP activities distributed among four speciﬁc groups of rhizobacteria.
Bacterial group No. isolates
Total no.
isolates
IAA Hydrogen
cyanide
Chitinase
activity
Phosphate
solubilization
Potassium
solubilization
Bacilli 40 11 5 21 12 40
Fluorescent pseudomonads 22 10 7 15 18 22
Azotobacter 24 6 13 0 5 23
Actinomycetes 26 9 0 21 4 20
Total 112 36 25 57 39 105
% of positive reaction from total 32.1 22.3 50.8 34.82 93.7
Table 3 Characterization of the selected bacterial isolates for some metabolic activities in vitro.
Bacterial group Qualitative assay Quantitative assay
Isolate’s code Hydrogen
cyanide
Chitinolytic
index
Phosphate
solubilization index
IAA lg/100 ml Soluble
potassium (ppm)
Bacilli C110  0.79 1.25 8 12.09
Th99 ++ 0.13 1.62 12 8.07
Th92  1.11 – 5 11.51
Th71  0.1 1.11 2 6.92
Th100 ++ – 1.53 17 10.36
Fluorescent pseudomonads C82  2 1.92 9 6.34
Th79 ++ 0.11 2 15 6.34
Th74  0.11 1.66 0.1 5.77
Th75  0.16 1.6 5 8.64
Th98 ++ – 2.14 17 10.94
Actinomycetes Me11  0.1 1.6 0.1 4.62
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cent pseudomonads groups which represented 21.4%, 23.2%,
35.7% and 19.6% of total one, respectively (Table 2).
Screening of rhizospheric bacteria
All the isolates were initially screened for their growth promot-
ing activities (PGP) viz., indole acetic acid, hydrogen cyanide
production, phosphate, potassium and chitin solubilization.The collected isolates possessed multiple PGP activities. The
percentage of positive isolates for each of PGP activity varied
greatly. Among the 112 bacterial isolates, 36 bacterial isolates
(32.14%) showed indole acetic acid production, 39 (34.82%)
phosphate solubilizing activity, 25 (22.32%) HCN production,
105 (93.75%) potassium solubilization and 57 (50.82%) chitin
solubilization (Table 2). None of the azotobacters and actino-
mycetes exhibited chitin solubilization and hydrogen cyanide
production, respectively.
Evaluation of rhizobacteria of some medicinal plants 277The obtained results show that not all the collected isolates
possessed all PGP activities. They differed in the possession of
PGP activities. Malleswari and Bagyanarayan (2013) reported
similar result in the evaluation of PGP activities of bacterial
isolates from the rhizosphere of some medicinal and aromatic
plants from different locations in Andhra Pradesh. Among all
the collected isolates (112 isolates), only eleven isolates were
selected according to their metabolic activities (Table 3).
The production of HCN plays a critical role in the control
of fungal diseases (Flaishman et al., 1996). Data in Table 3
show that four isolates were able to produce HCN, as evi-
denced by changing ﬁlter paper from yellow to orange–brown
color. All the selected isolates were positive for IAA produc-
tion ranging from 0.1 to 17 lg/100 ml, where isolates Th98
and Th100 gave highest amount of IAA production. Similar,
observation for IAA and HCN production have been reported
by Malleswari and Bagyanarayan (2013). Ten isolates were
able to solubilize P on pikovskaya’s agar medium, as evidenced
by formation of clear zone around the growing bacteria which
expressed as solubilization index. The highest solubilization
index was recorded by Th98 isolate followed by Th79 isolate,
being 2.14 and 2 solubilization index, respectively. The soluble
potassium in liquid medium was observed with eleven isolates
ranging from 4.62 to 12.09 ppm, the high values were recorded
by C110, Th92 and Th98 isolates, being 12.09, 11.51 and
10.94 ppm, respectively. Velzahan et al. (1999) stated that the
mode of action of the antagonistic organisms against various
soil-borne plant pathogenic fungi, including biosynthesis of
antibiotics, production of hydrolytic enzymes (chitinase,
b-1,3-glucanase, protease) which are responsible for the lysis
and hyper parasitism of antagonists against deleterious fungal
pathogens. So, in our study the chitinolytic index was
determined as important trait, among the selected isolates
(11 isolates), nine isolates showed chitinase activity, the highest
ﬁgure of chitinolytic index was 2 by C82 isolate. Velzahan et al.
(1999) determined the amount of siderophores and volatile
compounds to evaluate the mode of action of the antagonistic
organisms against various soil-borne plant pathogenic fungi.
Siderophores directly stimulate the plant growth by increas-
ing the availability of some minerals. Th75 isolate recorded the
highest values of phenols (16.73 ppm) and siderophores (84Table 4 Siderophores and total phenols produced by the selected iso
against two pathogenic fungi.
Bacterial group Code of isolate Total
phenols (ppm)
Am
sid
(m
Bacilli C110 8.15 39
Th99 9.69 46
Th92 5.47 19
Th71 7.37 68
Th100 7.32 46
Fluorescent pseudomonads C82 9.57 29
Th79 12.84 37
Th74 11.96 25
Th75 16.73 84
Th98 12.97 54
Actinomycetes Me11 4.90 0
a mMDFOM=mM deferoxamine mesylate.mMDFOM), followed by Th98 isolate being 12.97 ppm and
54.31 mMDFOM, in respective order. Antagonistic activity
of the bacterial isolates was assessed in terms of inhibition zone
diameter against the tested pathogenic fungi (Fusarium oxyspo-
rum 15E and Rhizoctonia solani 21E) (Table 4). The highest
zone of inhibition (10 mm) was observed by isolate Th74
against F. oxysporum and isolate Th 98 against R. solani. In
our study, three isolates namely C110, Th98 and Th75 exhib-
ited more than three PGP traits (see Tables 3 and 4). So, these
isolates were identiﬁed by 16S rDNA sequence. Their ability to
produce indole-3-acetic acid (IAA), gibberellic acid (GA3) and
trans-zeatin riboside (t-zr) was determined by HPLC as well as
soluble phosphate in liquid culture.
Bacterial identiﬁcation
The most efﬁcient isolates C110, Th98 and Th75 were identi-
ﬁed based on sequence of 16S rRNA gene. Ampliﬁcation of
16S rRNA gene resulted in a speciﬁc DNA fragment of
approximately 1500 bp. DNA sequence analysis of the PCR
products using the BLASTN program revealed that C110,
Th98 and Th75, bacterial isolates had the closest similarity
to Bacillus thuringiensis C110 (98% similarity), Pseudomonas
ﬂuorescens Th98 (97% similarity) and Pseudomonas poae
Th75 (97% similarity). This result indicated that the most
potent strains were B. thuringiensis C110, P. ﬂuorescens Th98
and P. poae Th75.
Phylogenetic trees based on partial sequences of 16S rRNA
gene showed the cluster relationship of the isolates among their
groups (Fig. 2).
In the further study, these strains will be used to verify their
effect as growth promoter and bio-control agents.
Quantiﬁcation of phytohormones and soluble phosphate
produced by identiﬁed strains
HPLC is a useful tool to identify and conﬁrm the metabolites
that were screened by manual method and were found to be
not very reliable. All strains showed peaks comparable with
the peaks at its retention time of standard indole-3-acetic acidlates obtained from medicinal plants and their antagonistic effect
ount of
erophore
MDFOM)a
Diameter of inhibition zone (mm)
Fusarium oxysporum 15E Rhizoctonia solani 21E
.54 0.0 6.0
.96 0.0 6.0
.91 0.0 1.5
.54 2.0 0.0
.39 0.0 5.0
.72 9.0 1.0
.67 0.0 3.5
.27 10 0.0
.00 0.0 0.0
.31 0.0 10.0
.0 0.0 0.0
Fig. 2 Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationships between isolated strains C110,
Th98, Th75 [shown in boxes] and related taxa. Bootstrap percentages (based on 1000 replicates) are shown if greater than 50%.
278 E.A. Ahmed et al.(IAA), gibberellic acid (GA3) and trans-zeatin riboside (t-zr)
on HPLC system. Results presented in Table 5 indicate that
the three strains had abilities to synthesize the (IAA), (GA3)
and (t-zr) in liquid culture. Maximum concentrations of these
hormones were recorded by B. thuringiensis C110 whereas thelowest amount was produced by P. poae Th75. All cultures
also produced soluble phosphate in variable amounts, P. poae
Th75 represents the superior producer of soluble phosphate.
(Silini et al., 2012) reported that phosphate solubilization by
rhizobacterial isolates has been shown to be related to the
Table 5 The amount of indole-3-acetic acid (IAA), gibberellic acid (GA3) and trans-zeatin riboside (t-zr) produced (mg/100 g dry
biomass) by identiﬁed strains using HPLC and soluble phosphate (ppm) in liquid medium.
Code of isolates Indole-3-acetic acid Gibberellic acid Trans-zeatin riboside Soluble phosphate (ppm)
B. thuringiensis C110 0.47 8.35 0.54 2.21
Ps. ﬂuorescens Th98 0.32 8.41 0.38 4.62
Ps. poae Th75 0.11 2.93 0.024 14.53
Evaluation of rhizobacteria of some medicinal plants 279production of organic acid such as formic, acetic, propionic,
lactic, glycolic, fumaric and succinic acid.Conclusion
This study illustrates that rhizospheric bacteria of medicinal
plants have multiple PGPR traits. This led to the selection of
effective isolates relying on their multiple PGPR traits and
identiﬁed as B. thuringiensis C110, P. ﬂuorescens Th98 and
P. poae Th75. So, such type of study is necessary as it advo-
cates that the use of PGPR as inoculants or biofertilizers which
will be an efﬁcient approach to replace chemical fertilizers and
to enhance the growth and productivity for medicinal plants.References
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